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We study the processes e+e− → Y (4260) → J/ψpipi(KK¯). The strong final-
state interactions, especially the coupled-channel (pipi and KK¯) final-state in-
teraction in the S-wave are taken into account in a model-independent way
using dispersion theory. It is found that the light-quark SU(3) octet state
plays a significant role in these transitions, implying that the Y (4260) contains
a large light-quark component. Our findings suggest that the Y (4260) is nei-
ther a hybrid nor a conventional charmonium state. Furthermore, through an
analysis of the ratio of the light-quark SU(3) octet and singlet components, we
show that the Y (4260) does not behave like a pure D¯D1 hadronic molecule as
well.
Keywords: exotic states; dispersion theory; heavy quarkonium
The nature of the Y (4260) has remained controversial since its discovery
by the BABAR Collaboration in the J/ψpi+pi− channel in the initial-state
radiation process e+e− → γISRJ/ψpi+pi−. Its mass is inconsistent with
the naive quark model prediction for a normal vector charmonium,1 and it
does not show strong couplings to ground-state open-charm decay modes
although it is above the DD¯ threshold. Such peculiar properties have ini-
tiated a lot of theoretical and experimental studies, see Refs. 2,3 for recent
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reviews. In this work, we study the e+e− → Y (4260)→ J/ψpipi(J/ψKK¯)
processes to extract information on possible light-quark components of the
Y (4260). If the Y (4260) contains no light quarks (as in the hybrid-state or
the conventional-charmonium scenarios), the light-quark source provided
by the Y (4260) has to be in the form of an SU(3) flavor singlet state. Thus
the study of the different light-quark SU(3) flavor eigenstate components
provided by the Y (4260) in these processes may help to reveal its structure.
For the Y (4260)J/ψpipi and Y (4260)J/ψKK¯ contact couplings, the
leading chiral effective Lagrangian reads4–7
LY ψΦΦ = g1〈V α1 J†α〉〈uµuµ〉+ h1〈V α1 J†α〉〈uµuν〉vµvν
+ g8〈J†α〉〈V α8 uµuµ〉+ h8〈J†α〉〈V α8 uµuν〉vµvν +H.c. , (1)
where the parameters g1 and h1 correspond to the contributions from the
SU(3) singlet component of the Y (4260), and g8 and h8 are the correspond-
ing parameters for the SU(3) octet component. The strong pion–pion final-
state interactions (FSIs) as well as the KK¯ coupled channel in the S-wave
are taken into account model independently by using dispersion theory. In
the dispersion theory, the left-hand-cut contributions are approximated by
the sum of the Zc(3900)-exchange mechanism and the triangle diagrams
Y (4260) → D¯D1(2420) → D¯D∗pi(D¯D∗sK) → J/ψpipi(J/ψKK¯).8,9 The
subtraction terms can be determined by matching to the chiral contact
terms, since at low energies the amplitude should agree with the results
required by chiral symmetry. To estimate the uncertainty due to the dis-
persive input for the pipi/KK¯ rescattering, we will use two different T 00 (s)
matrices, the Dai–Pennington (DP)10,11 and the Bern/Orsay (BO)12,13
parametrizations, and compare the results. For details of the theoretical
treatment, we refer to Ref. 14.
We fit to the experimental data of the pipi invariant mass spec-
tra of e+e− → J/ψpi+pi− and the ratios of the cross sections
σ(e+e− → J/ψK+K−)/σ(e+e− → J/ψpi+pi−) measured at E = 4.26GeV
by the BESIII Collaboration.15,16 To illustrate the effect of the SU(3)
octet component, we perform two fits. In Fit a we only consider the
SU(3) singlet component, the Zc-exchange terms, and the triangle dia-
grams, while in Fit b, the SU(3) octet component is taken into account in
addition. The best fit results of the pipi mass spectra in e+e− → J/ψpi+pi−
are shown in Fig. 1. The fit results of the ratios of the cross sections
σ(e+e− → J/ψK+K−)/σ(e+e− → J/ψpi+pi−) are given in Table 1.
One observes that Fit a, in which the SU(3) octet chiral contact terms
are not included, cannot describes the experimental data well, especially for
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Fig. 1. Fit results of the pipi invariant mass spectra in e+e− → J/ψpi+pi− for Fit a
(left) and Fit b (right). The borders of the bands represent our best fit results using two
different T 00 (s) matrices. The experimental data are taken from Ref. 15.
the broad peak below 0.6GeV. In contrast, in Fit b with the SU(3) octet
chiral contact terms added, the fit quality is improved significantly. Using
the fit results, we can analyze the ratio of the parameters for the SU(3) octet
component relative to those for the SU(3) singlet component. In the DP
parametrization we find g8/g1 = 1.2±0.2 and h8/h1 = 57±76, while in the
BO parametrization we obtain g8/g1 = 1.1 ± 0.1 and h8/h1 = 102 ± 152,
which agree well with each other within errors. Note that in the D¯D1
hadronic molecule scenario of the Y (4260), the light-quark component is
in the form of |uu¯ + dd¯〉/√2 = (√2V light1 + V light8 )/
√
3, where V light1 =
1√
3
(uu¯ + dd¯ + ss¯) and V light8 =
1√
6
(uu¯ + dd¯ − 2ss¯). They give the ratio
of 1/
√
2, which differs significantly from our results (given by the values
of g8/g1). Therefore we conclude that the Y (4260) contains a large light-
quark SU(3) octet component, and the scenarios of a hybrid or conventional
charmonium are disfavored since the light quarks have to be produced in an
SU(3) singlet configuration inside such states. Also our study shows that
the Y (4260) cannot be a pure D¯D1 hadronic molecule as well.
In Fig. 2, we plot the moduli of the S- and D-wave amplitudes from the
chiral contact terms, the Zc-exchange terms, and the triangle diagrams for
Fit b. One observes that the D-wave contribution is comparable to the S-
wave contribution in almost the whole energy region. Such a large D-wave
contribution again indicates that the Y (4260) cannot be a conventional
Table 1. Experimental and theoretical values for the cross sections ratio
σ(e+e− → J/ψK+K−)/σ(e+e− → J/ψpi+pi−)× 102 at E = 4.26GeV.
Experiment Fit a, DP Fit b, DP Fit a, BO Fit b, BO
4.99 ± 1.10 4.46 ± 0.82 4.67± 0.98 5.37± 1.03 5.38± 0.82
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Fig. 2. The moduli of the S- (left) and D-wave (right) amplitudes for e+e− →
J/ψpi+pi− in Fit b, using the DP (top) or the BO (bottom) parametrizations. The red
solid lines represent our best fit results, while the blue dot-dashed, darker green dashed,
and magenta dotted lines correspond to the contributions from the chiral contact terms,
Zc-exchange, and the triangle diagrams, respectively.
charmonium state, for which the pipi S-wave should be dominant. Also
note that in the D¯D1 hadronic molecule interpretation,
8,17 the pipi D-wave
emerges naturally since the D1 decays dominantly into D-wave D
∗pi.
At last, we anticipate a combined analysis of both the Y (4260) and
Zc(3900) data, which will be crucial to reveal the nature of both states.
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